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1 Introduction

Research conducted o% er the past decade Shagan Ri er test site and on) ield estimates based

has led to the dex elopment of a number of inno% a- on fix e different seismitc magnitude measures de-

tix e procedures for estimating the ) ields of under- rix ed from teleseismit. P and surface %,axe tmb,

ground nuclear explosions through s)stematic Mp.spe., MO) and regional Lg and P %kaxe (ML'.

analyses of digital seismic data recorded from Mpnj) data. Ax ailable test site information is pre-

these tests. In addition, a x, ide x ariety of nexx data sented to the analyst in the context of a SPOT

regarding the geoph)sical en% ironments at So% iet satellite image of the Shatgan Rixer region, in a
test locations hae now become aailable as a format xwhich permits the anal)st to interact digi-

result of the Joint Verification Experiment (JVE) tall) %kith the image to easil, extract and displa)

and associated data exchanges. The objectixe of information regarding the explosion source en% i-

the research program described in this repor t is to ronment. A .ka, eformdatabaseconsisting of more

integrate all these new% capabilities and data into a than 10000 digital sei-mograms recorded from

comprehensixe, prolot)pe s)stem which can be Shagan Rix er explosions at stations of the GDSN,

used to derixe optimum seismic estimates of ex- USAEDS, NORSAR, CDSN and IRIS networks

plosiun )ield. More specificall),it is to implement has been assembled for this sy stem. The graphical

a f-.xible interactixe software s)stem in which user interface to this s)tem is completel) menu-

yield estimates based on a %% ide x ariety ofdiffcrent drix en and muue-ac-tix ated and has been designed

seismic magnitude measurements can be efficientl) so that no Lz) board entry is required of the opera-

determined, merged w% ith all ax amiable information tor. Thus, the seism. data can be directl) input to

regarding the test location under consideration and the x arious dat,,processing modules using asinple

statistically combined to obtain a unified se:smic menu selet-tion procedure to obtain the magnitude

estimate of explosion ) ield and quantitatix e mea- measures and associated ) ield estimates.

sures of the uncertainty in that estimate. This report presents a summary of the
A preliminar) prototype %ersion of a sys- current status of the ongoing research inxestiga-

ten designed to achiee the aboxe objectixes. tions directed toward the dcelopment of an im-

designated the Yield Estimation S)tem (YES), proed seismic )ield estimation capabilit) for un-

has been implemented in a Sun color workst,ttion derground explosions. The s)stem design criteria

(SPARCStation)enx ironmentat the DARPA Cen- are rexiewed in Section 2, %%here the daracteris-

ter for Seismic Studies (CSS) using softx are built tics u; the data, anal)sis tools, database relations

upon the framewxork of the X Windo%, graphics and graphical use interface are described it. file

and Oracle database management systems. This context of their integration into a .mipreheniskC

initial -ersion fouses on explosions at the So% ict softare sy.,tem. This is fullo ,ed in Section 3 by

TM SPOT data are copyrighted by CNE.S (1986.1987).
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an o-ver~ie%% of systemn capabilities in %%hich the session for aselected (i.e., theJVE) explosion. Rle

functionality of the current prototype sy stern is report concludes, %kith Section 4 %% hich contains it

graphicall illustrated using displays>of the btreens saimmary and a discus..ion of future plans for the

encountered by an analyst in a typical processing development of the YES.
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2 YES Software Design

The "ES is designed to determine an opti- data

mum explosion yield, the uncertainty in this yield. * analysis tools

and a statistical assessmesit of the result!,. using a a database management N -stem

wide variety or analysis tools applied to seismic a graphical user interface.

signals generatcd by unde"iround nuclear explo-

sions. Such a s)stem requires .i flexible design that In this case the data include seismic %vave-

allo s aialsis tools to be ea:.il% added and )et form data from underground nuclear explosions,
allo % N all or part of he analy.sis toolsand all or part related data such as event locations and material

of the data to be used for my gi en )ield estimate. properties at test sites. parametric data such as

Furthermore, be.a sc the y ield estimates depend magnitudes derived from seismit. data, historical

on seeral t pes of anal)sis and a %.ariety of data data. anw'imnagedata. Tile analysis tools operate on

'. hich %%ill not onl) var, from one event to the these data and extract and/or displa, information.

next, but %%ill Jso change as neo, data become, Examplesofanal.sistoolsareprogramstodispla%

at ailable for a single c, ent. the sstem must allo, v%aveforms. measure magnitudes. and overlay event

identification of all of the data and processi.n and geographic information on maps and images.

steps that correspond to an) y ield estimate made Taie data and all of the analysis results up to and

with the system. including the inferred explosion yield are nr-in-

In this section of this report. %% e discuss the tained v, ithin a relational database management

YES soft,% are design. the conceptual model for the s) steim. This,% sytem perform., both the function of

s)stem, the iequirements and constraints of the keeping track of ra,, data and related information

s)stem. hov, the database has been designed to and the function of maintaining a processing

handle general analysis tool and ho%% the s) tem histor of eatli y ield estimatc. The graphical user

has been structured to achiece design goals. This interface allom.., the user to interact with the data.
is intended to pro% ide a description of the underl) - database., and analysis tools. All user interaction

ing structure of the s)sten that form. a platform take. place through the graphical user interface.

for operation of YES modules. For YES. this interface has been designed to mini-

mize the amount of keyboard entry and to allow

nearly all selection to occur through mouse driven2. 1 Conceptual Model menus and displays.

YES consist. of a hierarchy of programs.

At the top level is a master program whose primary,
YES is an example of a general class of function is to start the other analysis programs.

systems built on four basic elements. The top level program allows the user to.select the
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test site. e% ent. and phase to be processed. and the System. X was designed specificall% to alloxv

analysis tool to apply to the data correspunding to hiard-warc- independen.-c. to fobtei C.Ls, III porling

,hat seIletion. It then starts the analyss% orn application.stomlachi'nesothier than tlose for %xhich

%%ith the proper input. The master programn starts they %%ere deceloped. and to permit running of

Some processes automnaticall% . experience hias applic.ations on one computer %%ilec displaying

sho%%n that user time can be saved bv running their output on another. c'en if the Lomiputers are

certain compultiunall -intensl ive odule.-s s son of different manufacture. YES %-.as desiged and

as input data are read) for them. By design. the implemented on Sun SPARC Conmputer-%e~.

mastter program is both small and simple. Bca.usC SPARCStations). but transfer it) any other system

of this. it is easy to expand the program to add that support X and UNIX c-ould ibe accomplished

additional analysis modules% as required. easilv. The X interface has beer. w~ritten using the

A difficult problein in the design of the X toolkit. The X toolkit enforces an object-oni-
inter ..ti~e s stem %N.s to make it robust and eas% ented approat.h to progamin b I obInth

to use for an operator with limited training while %%indox~s and the .perations on the windou s into

Meainine %ersatility sufficient for an expert to -widgets". YES usesse'eral widgetsetL'Incui
apply thesy.stcm tocomplexc-ases. Oursolutiua to the Motif %%id~tstfo h pnSfwr

this problem has been to provide user control o% er F-oundationi. thcX wid-ctet fromii Hewlett Pac-kard.

operational charaLCeistics- of the anal%.si:, module.s the Athena % Ideet set from MIT. graph[c, widgets

to alloix performance Of complex operations but %%ritten by Teledyne-Geotech and SAIC. and spe-

also to build in default -settings that are appropriate cial purpose %% idgets for YES %, ritten by S -CUBED.
under most circumnstances. Thus. a user can oper- YES is %%riuetn in the C and FORTRAN

ate thesy stem ina routine uav by simaply folio-aing programming languages. C n~a. c.hosen because

a %%ell-defined set of steps from addition of ne%% programmers' -alls to thie X Windon~ System pro

data through esNtimation of explosion yield. Howv -cdure-s arc in C. and bec4auseC is v, ell uited to t...

e~er. if special probk'ms% occur. SUch as% an anomna design of complcx systemis with a variety of data

lous result or the need to moudifv a ield estimate in structures. FORTRAN %%as used bcause It Is
response to other know led-e an expcirtican adjust optimal for crtain types of cniputational analy.

the opecration of the modules. In either case. tlrc sIns. and t~c.use -its use permited the inclusion of
chosen parameters are stored in the database and mnany previously existing analysis tools into YES.

can be recoxered together with the resultin- vield As aI result. thie top lc~el programs. Inteacti%,

estimate at any time. modules, database interface, and graphics routine--

are written in C. and when appropriate these

2.2 Implementation Framework routines call FORTRAN subroutine--.
YES uses thie Oracle relational database

mnanagement svstent a-s its database mnanacier.

The Praphical user interfzcc of the Yield OraLcl wxas chosen becauseu~ It is used a; the data-

Estimation Sysitm is based on the X W~indom, basc mnana-er at the Center fir SeMnit. Studies.
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and because it is available for a wi& variety of describe each wax eform, but with enhancements.

hardware platforms. YES uses a library of proce- The tables used in YES are a superset of those
dures to access the database, and all Oracle-spe- defined in the CSS version 3.0 database specifica-
cific calls have been isolated ,o that they can be tion (Anderson, etal., 1990). Among tle additions
replaced with a minimum of effort if necessary. made at S-CUBED are tables which allow the

The relational database tables are independent of simultaneous presence of sex eral sets of observed
the particular database management s)stem used and derived information, along xith a facility to

to store and access the tables. YES can be config- specify which of the several sets contains the

ured to use an internal database manager if Oracle currently preferred information. This feature's

is not available. primary purpose is to impart traceback capability,
All database tables are documented in a so that an investigator can determine why yield

standard format before being created in Oracle or determinations of an ex ent made at sev eral ses-
used within the system. All Oracle creation and sions differ. Fir example, as more stations report

!oad scripts as well as the header files that define their locations for an ex ent, the origin information
internal data stractures and external file formats associated with a set of waxeforms may change;
are generated directly from the documentation. previous determinations of yield may have de-

This xxay typographic errors are a\ oided and any pended upon the origin as it xk as knowk n at the time,
changes in the database structure can be made and recreation of those prex ious results depends

throughout the sy stem by changing only the docu- upon recoxvery of the information about origin
mentation and regenerating dependent files. know n at the time. Station and ex ent magnitudes,

station corrections, and input to analysis vrograms

are all saved in a way that permits later traceback.
2.3 Database Structure Waveforms viewed with the analyst's station al-

ways use the currently preftrred set of waveform

tables.
The Yield Estimation System is constructed The database is designed to facilitate data

on a substrate of a database managenimnt sy stem flow between YES analysis modules. In general,
and a database, which serve to manage all data the procedure used by analysis programs is to
required for communication between modules. extract waxeform and/or tabular data from the

Each module extracts what it needs from the data- database, measure the size of the ex ent, and append
base and returns wA at it concludes to the database. the result and all important processing parameters
Modules may then ii::eract w ith the results of other to the database. The analyststation .;an sa e arrix al
modules by examining data stored in appropriate times and magnitudes measured on individual

places. waveforms to the database. Some of the magni-
Seismic data are stored in a manner like tude measurement modules retrieve magnitudes

Lhat used at the Center for Seismic Studies, i.e. as derived from indixidual waxeforms and merge

waeform files and a set of associated tables v, hich them to obtain a network magnitude, while others
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examine waveforms directly, without user inter- further subdivided xxith finer distinctions. For

vention, then ax erage the results to obtain a single example, exent and origin infoimation is obtained

magnitude measure. The yield estimation proce- from many classified and unclassified sources,

dure recovers the results of the magnitude mea- each of w hich pro\ ides the information at different

surement modules from the database and produces lev els of detail. Unclassified locations, origin times

aweightedyieldfortheeent. Thisestimated yield and body-wae magnitudes hake been obtained

is then compared with yields from other events in froln the ISC and NEIS for all explosions. Other

the database to derive statistics describing the origin times and locations, computed using a joint

likelihood that the e ent under examination w as ip epicenter inx ersion technique, hax e been extracted

compliance with or in contravention to existing from Marshall et al. (1984). Classified seismic

treaties. All these procedures share their results locations and magnitudes computed using

via the database. USAEDS network stations also have been incor-

porated into the database, as have locations deter-

mined by analysis of classified and unclassified
2.4 Database Contents satellite photographs. Event yields based on

AFTAC analysis of USAEDS waveforms are

available for all events, and additional yields are

As mentioned above, the foundation of available from the published Soxiet literature

YES is a comprehensive database that allows a (Bocharox etal., 1989), from data exchanges xith

user to extract parameters from explosion w axe- the Sox iet gox ernment, and in the case of the JVE,

forms, combine these parameters to obtain an by direct measurement.

estimate of the explosion yield, and review these Sources of waveform data are just as di-

results in the context of the enx ironment in xwhich x erse. Wax eform data are receix ed routinely from

the explosion took place. Such a database neces- AFTAC, CSS, IRIS, and other sources, and can be

sarily contains a large variety of both seismic and further categorized by type, such as short-period,

non-seismic data. long-period, broadband, single station, array, and

The seismic componentcan be broken down 3-component, or by network, such as USAEDS,

into four majorclasses of information, these being: NORSAR, GDSN, CDSN, and IRIS. As of this

date the waveform database contains more than

* event and origin (epicentral) information 10000 discrete w ax eforms and occupies storage of

\A ax eform and \v ax eform related information oxer300megabytes (MB). An extensix e effort has

* measurements obtained from the vaxeforms been made to insure high quality in the w axeform

* static, tabular information, such as traxel-time database. Thus, exery wax eform has been x isually

tables, earth models, station locations and in- inspected by a trained analy st to determine w ax e-

strumentation. form quality. In the course of reviewing the data

many of the collected waveforms were found to be

Each of these major classes by itself can be unusable due to \A indow ing problems., coltamina-
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tion by other events, timing and calibration errors, ries in this section of the database.

spikes, data dropouts and other instrument prob- In addition to seismic data, the database

lems. Thus, it \k as found that the data prexiewk contains much N isual and geologic data. There are

effort %A as critically important in the deN elopment approximately 44 MB of SPOT panchromatic im-

of a database wNhich xwould fulfill the goals of this age data for the Shagan Rixer test site, some of
project. which has 30m resolution and is used to view the

Measurements consist of those produced entire test site at once, and most of \k hich has 1Gm

by the analysis modules wNithin YES itself, as wNell resolution for use in detailed uxamination of the

as measurements receixed fiom outside sources, neighborhood of a particular event. Geologic im-

such as AFTAC single-station magnitude mea- ages, digital topography, and data used in creating
surenients. This -variety is necessary for perform- cross-sections encompass 12 MB. About I MB of
ing detailed comparisons betwkeen yields derix ed geologic contour data for display on top of other

from YES and those computed by other methods images wNere derixed from the digital geologic

using different data sets. data. The geologic data were provided by Dr.
Tabular information consists of a complete William Leith of the USGS, based on on-site

station location file containing both classified and im estigations, treat) exchange, interpretation of
unclassified station locations, standard trax el-time satellite photos, and resear..h in the Sox iet litera-

tables for the important seismic phases (Herrin et ture. Topographic information came from the

al, 1968), surface wave path corrections for use in Defense Mapping Agency.

moment tensor inx ersion, and a comprehensix e This combination of seismic and non-seis-
instrument response database. The instrument mic data proxides an enxironment xxhereby all

database is a compilation of information collected ax ailable information regarding a particular explo-

from the USGS, AFTAC, IRIS, and others \k hich sion under inx estigation is ax ailable to the system,

details the characteristics of the recording instru- in a manner xhich permits the analyst to effec-

ments as a function of station, channel and date. tixel) integrate it into the best possible yield esti-

There are currently 750 different response histo- mate for the explosion.
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3 Overview of System Capabilities

The overai. design philosophy which has has been activated to select the Soxiet Shagan

been followed in the implementation of the YES Ri er (Balapan) test site, and the EVENT button

has been described in Section 2 and in a preceding has been actix ated to select the JVE explosion

annual report (Murphy, 1990). In this section, which w as detonated at that test site on 14 Septem-

some of the capabilities and functionality of the ber 1988. Once the test site and eNent haxe been

s, stem will be graphically illustrated through dis- selected, the remaining anal) st interaction with the

plays of the screens uncountered by an analy t in a sy stem is initiated through the PHASE and FUNC-

typical processing session for a selected explosion. TION buttons. The PHASE button proN ides the

For this example, the unclassified data from the analyst with the capability to choose from among

Soviet JVE explosion of 14 September 1988 will the six different seismic phases listed in Figure 2

be analyzed and used to illustrate N arious features for which digital wax eform data are currently

of the system. available on the system. The FUNCTION button

As has been noted previously, a distin- provides access to the seven principal computa-

guishing characteiistic of the YES is that it is tional and anal) sis modules which permit the ana-

completely menu-driven and mouse-activated and lyst to:

requires no keyboard entry by the user. The top

level menu pro, iding access to the system is shown 0 view the seismic data within the context of the

in Figure 1 where it can be seen that it consists of available information regarding the specific

six "buttons" which can be used to initiate (SITE, test location under investigation (Satellite

EVENT, PHASE, FUNCTION) or terminate Image, World Map)

(QUIT) action within the system or to view online

information regarding the operating characteris- * interact with the rec-orded seismic data to pro-

tics and parameters of the system (HELP). Select- cess it and extract the x arious magnitude mea-

ing any of these buttons with the mouse causes a sures of intere,t (Analyst Station, Magnitude

series of pulldown menus to be activated as illus- Measurement)
trated in Figure 2. In this example, the SITE button

Figure 1. _____________________

Main menu St Event Functio
structure for- nop- ptruceS for Site: not set Event: not set Phase: not set
YE S.
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explsio yild nd ua site mesue of ho n in Fiue3W ntisiiildsla ftets

the uestima iFunction oSelection

tion) o x n Satellite Image
Degelen World Map
Novaya _Zemlya .1 Pienose St:ntst jeuOuin

coded sur Casrlays Magnitude uleasurement-Yield Estimation

e s a a eStatistical Summary

mary, ~~~~~~~~~~~~~Spreadsheetaithopnltrtr(bu)fmtosfr

Evntvee nts970 - Phas Seecio

whic o Ismic, Teleseismic ib
Sia in se st se 197 ent in ar r Iis iot t Rayleigh Vertical198 Rayleigh Radial

1990- 1999 1981 -Love

ale wh tRegional P1983 -L
1984 L

1985
1987 Events (1988) Figure 2.

1989 April 3Ilstainopldw
May 4 Ilsrto fildw

mliffllaflaumaccess to individuial nienit
December 17 funlctions.

o formally combine the seismic measures of TION menu, nhich brings to the screen the SPOT

source Pize to obtain an optimum measure of satellite imagedisplay of the Shagan Ri er tetsite
explosion yield and quantitati,,e measures of shoA, n in Figure 3. In this initial displa~y of the test

the uncertainty in that estimnate (Yie/dEstima- site information interface, the locations of pre ' i-

tion) ous explosions at this site are shown as color-

coded square overlays, with the current event high-
"statistically assess the results with respect to lighted by a yeller, diamond. In this case, the

any existing treaty thresholds or other yield different colors are used to differentiate those

le 'els of particular interest (Statistical Sum- explosions about vhich the So,, iets,,hat ' published

mary, Spreadsheet). data in the open literature (blue) fr'om those for

which only seismic information is available (red).

Ha,, ing speci fled it test site and a particular It is important to note that this is not merely a. 'tatic

explosion (in this case the WVE e 'ent), a typical display, but that in fact the irnagcand the omerla)s

analysis sequence would begin kk'ith the SCILction to it arc formall~y tied to an extensike online data-

of tile Satellite Image Option from the FUNC- base, Of ,Upplceneltar information. Thus, t'tl
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Figure 3. SPOT satellite image of the Shgan River test site with sulperimposed
locations of the historical explosions (squtares) and cutrrent event
(dianionc).

example, in this figure the operator has pointed effettive resolution of about 3m iso that the entire

with the mouse to one of the blue squares (arrow), test site tan be N iew ed on a single screen. How -

which has initiated a process by which aailable exer, the data cor-esponding to the full 1Gm reso-

information about that eent has been extracted lution of the SPOT image can also be \ iewed by

from the database and displayed on the informa- ,tdtixating the appropriate bttton (FullRes)on the

tion line below the menu buttons, indicating that right hand margin ofthis displa and simply point-

this explosion was detonated at Shagan on 10 ing with the mouse to any location on the image.

December 1972 at the specified latitude and longi- For cxample, Figulre 4 shows the full resolution

tude and that Bocharo% et al. (1989) ha,,e reported sub-image Lorrcs.ponding to the location of the

the depth as 478m and the yield as 140 kt. cratering explosion of 15 Januar 1965 which

For purpose', of'display, the satellite image dammed the Shagan Rixei. )roducinlg the promi-

shown in Figure 3 has been compressed to an nent lake in the southe,.st quadrant of Figure 3.
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Figure 4. - Ecation

Full -resolution SPOT
satellite image of the region

-surrounding the Shagan

-River cratering explosion of
15 January 1965.

Another feature provided by this image display Figure 5 illustrates this feature by way of a corn-

module is the capability to interactively adjust the parison of the nominal display (right) with that

contrast and brightness using the slider bars lo- resu;:ing from interactively reversing the contrast

cated at the bottom of the right hand menu margin, and uccreasing the brightness (left) by reposition-

Figure 5.

/lhistr-ation of inter-active modl-ialihn
of bightness and contrast in SPOT

satellite image display.
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Figure 6. SPOT satellite image of tihe Shagan River test site with superim-
posed siface geolo,~ic iip and current event location.
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and the left hand panel shows the resulting ,,ertical most prex ious explosions at this test site hax e not

section through that line which w as automatically been detonated in granite in that the granite surface

produced by the system, together with the loca- throughout much of this region lies uniformly

tions and approximate depths of penetration of below typical explosion emplacement depths.

explosion emplacement holes encountered along Hax ing completed an initial rev iex of the

that line. As with the surface topography, the axaimable information regarding the explosion test

variation in the depth to any selected geologic environment, the analyst can next proceed to an

interface can also be exhibited in image fort.,, as examination of the corresponding recorded seis-

illustrated for the granite surface in Figure 9 where, mic data. As an initial step, an ox erv iew of the

once again, the corresponding depth contours and locations of - 'ations for which data from the se-

location of the current ex ent have been ox erlaid for lected explosion are aN ailable on the system can be
reference purposes. It is immediately e ident from obtained by selecting the World Map option from

this presentation that, unlike thecurrentJVEevent, the FUNCTIONS menu. The resulting displays

Figure 9. Color-coded represtination of depth to the top of the granite suiface
beneath the Shagan River test site with superimposed depth contours
and current event location.

Images Locatin Ovrly Rfes t- epqi

: f -,:-
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Figure 10. World map projections (A < 1000) showing locations of stations for which
digital teleseismnic P (left) and Lg (right) data are available for the current
event.

Ima es Phase ttosCmoiinqi mgs hssSain opsto li
tiConp 7711t i di

World map, 100 degree radius about Balapan. World map, 00 degree radius about Balapan.

for the JVE teleseismnic P and regional Lg phases and sequentially selecting aseismic phase from the

are shown in Figure 10, plotted on azimuthal PHASE menu and Analyst Station from the
equidistant projections of the globe (A < 100° ) FUNCTION menu. Thus, forexample, specifying

centered on the Shagan River test site. As illus- the phase Lg in this manner automatically initiates

trated here, a menu item (STATIONS) within this a process by vwhich the Lg recording.s from the JVE

module provides the user with the capability to cxplosion areextracted from the onlinedatabaseof

select any one of these recording stations from a digital waveform data and displayed on the sc reen

list and subsequently cause a straight line to be in the format shown in Figure I I. In this arid

drawn on the screen between the source and the subsequent seismogram displays', the stations are

receiver. In this transformation, the straight line ordered by increasing epicentral distance and, for

corresponds to the great circle path and thus pro the Lg and surface wa,,es, the data are plotted as a

vides the analyst with aview of the surface projec- function of group velocity. It can be seen in this

tion of the propagation path followed by the main figure that the traces are marked by a vertical line

energy groups between these two points, at a group velocity of 3.5 km/see, indicating the

The seismic data themselves can be ac- nominal expected onset timeof the Lg phase. This

cessed by returning to the main menu (Figure 2) display permits the analyst to quickly asses's the
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Figure 11. Analv.s .station display of ver-twacl-comzponent Lg .signalsfoi- the cmrrent
event.

Next vous TolsCommand QutSv Qut

Shag LIIg 221. nn .6Ecll

ilIi P 7

quality of the data and idenitify any prominent the Magnitude Measurement option from the

characteristics. Thus, for example, it can be seen FUNCTION mienu I., illustrated in Figuire 12.

from Figure I I that the L. siginals are relatixely Selecting RMS Lg fromn this list of fixe currently

weak at the IRIS station KIV (IKIV) and at a% ailable mnagnitude measures initiates a series of

NORSAR (NO I AO), consistent with

the expected effects of propagation

across the Caspian Sea (KIV) and Rtindlion Selection

along the complex, far-regional path jI'nIh c Satellite imag~e
JSII rVA m rld 1%ap

to Norway. %nalystSilati~on Magnitude measurement

Hlaving verified thattheavail- Yield Itslimaticon nib

able La data are suitable for further Figure 12. Statistical Summiary Momient lensor
Spreadsheel Spectral 11

processing. the analyst can p~roceed IXIgitieulalrmn Regional 1P

to magnitude estimiation by selecting
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operations by xhich the Lg A aN eforms recorded time N hich is denoted b) the Nertical line seg-

from the JVE e\ ent are automatically processed ments. Generall), there are more recordings than

using algorithms described b) Ringdal (1983) to can be uisplat)ed un a single screen in this format

obtain single-station and netork-aeraged mea- and, in such cases, the anal)st can readil) page

sures of the L. magnitude, MLg. Since this pro- forNard and backvard through these multiple

Lessing takes some time to accomplLh, it is run in screens using the NEXT and PREVIOUS menu
the background, thereb) permitting the anal)st to buttons at the top of the anal)st station displa).

moxe on to other tasks % hile it is being completed. An extensi\ e set of signal processing and
In the present example, the analyst has :,elected analysis capabilities has been assembled %Nithin

Teleseismic Pfrom the PHASE menu and Ana- the analyst station module, as indicated by the

lyst Station from the FUNCTION menu, result- TOOLS menu displa in Figure 13. These tools
ing in the waveform display shown in Figure 13. permit the analyst to:

The P wave seismograms are plotted here as a

function of reduced time, extending from 10 sec- * assign %,,aN eform quality (Set Quality),
onds before to 15 seconds after the signal onset 0 redefine arri, al times (Pick Arrival),

Figure 13. Analyst station display of selected vertical-component
teleseisinic P wave signals for the current event.

~Set Quality

Newv Intstrument -

Pick Arrival
mb

MS
Information
Gone

Compare
No Action
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* measure amplitudes and periods (Expand, mb, causes the interacti~e filter interface to be dis-

Ms), played as shown in Figure 14, where the analyst
* filter the data (Demean/Detrend, Filter), has used the mouse to adjust the slider bars to

-normalize to a common instrument response define 1o%% and high frequency cutoffs of 0.5 and
(New Instrument) and 5.0 Hz, respectively, and to specify a second order

compare a selected %N a,, eform %% ith %% a% eforms roll-off outside th." band by setting the corre-

recorded at that atation from pre% ious explo- sponding pole numbers to 2. Subsequentselection

sions (Compare, Clone). of any trace with the mouse causes this filter to be
automatically applied and the result displayed, as

Thus, for example, it can be seen from shown here for station MAJO.

Figure 13 that the P %v ae signal recorded at station Application ofthe Comparefunction from

MAJO in Japan (bottom trace) is obscured by the TOOLS menu pro% ides another illustration of

microseismic noise lying outside the signal pass- the pow'erful capability for interacti, c analysis
band. Selecting Filter from the TOOLS menu which is aailable in the analyst station. For

Figure 14. Irample of the specificationand subsequent application of a
bandpass filter to the data of Figure 13.

Next [Fious Tools Quit/Save QL j
Tools [commands I

[Exit

P V
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example, by sequentially selecting this function here by the diamond overlays, on the basis of

and the station KONO waveform from Figure 14, proximity to the current event or some other crite-

a search through the database i. automaticailly rion, and display the corresponding P waveforms

initiated to identify all other available P wave- in a time expanded analyst station mode such as

formsrecordedatthatstationfrompreviousShagan that of Figure 16. Here the current JVE event

River explosions. Generally, not all of the explo- recording is shown at the top of the figure and the

sions identified by this search are of equal impor- wa- eforms from the selected comparison events

tance for comparative purposes and selection of a are d:splayed beneath it in the order in which they

meaningful subset is facilitated by examining their were selected. Also illustrated in this figure is the
locations in the context of the SPOT image test site use of the Clone feature from the TOOLS menu

information interface, as indicated in Figure 15. which permits the operator to select any trace on

Using this interface, the analyst can interactively the screen with the mouse (in this case the JVE

select specific events with the mouse, as indicated recording), create a color-coded (ied) copy and

Figure 15. SPOT locations of Shagan River explosions recorded at station
KONO in Norway. The diamond symbols denote those events
selected for comparative analysis.

E as verls R h ucIP-lee 11
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Figure 16. Comparison of the P wave signal recorded at station KONO fiom
the current event (top and red) with the signals recorded at that
station fre', the selected events of Figure 15.

Press Moutse Button to Release

C-ag it to any other location on the screen to tiondisplaamagnifiedrproductionofthat waxe-

conduct detailed waxeform comparisons. This form is produced as shown in Figure 17. Then, by

capability permits the analy st to quickly assess the employ ing the mb function, the mouse can be used

consistency of the current observ ation wxith past to ,-os.ition a rectangle so as to define the peak-to-

experience and, in this case, to conclude that the peak amplitude and half period of the selected

JVE recording at KONO is quite consistent with cycle of motion as show n in this figure. After this

previous obserx ations at that s tation from other process has been repeated for each usable trace,

explosions located in that area of the test site. the resulting amplitudes are input to the mb estima-
Once the initial ,ax eform rex iex has been tion module using the Magnitude Measurement

completed, the analyst can proceed to magnitude menu of Figure 12 ere they are conxerted to

estimation using the Expand and mb functonis ground motion, ,orrected oi epientral distance

from theTOOLS menu. By :,equentially selecting and station effects and sogarithmieally axeraged to

Expand and any waeform from the analyst sta- obtain a network-ad raged nib alue and ssoci-
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Figure 17. NEx t-Prevs o
amp 1287 nanometers, perilod 058 seconds, mb .661

Illustration of the
interactive determi-
nation of the-ampli-
tude andperiod
values used to define
single station Mb
values.

ated uncertainty. The resulting indiN idual station the analy t that the RMS Lg magnitude estimation

mb values for the current JVE explosion are dis- has been completed, as indicated by the icon in the

played in Figure 18, together with the estimated upper left hand corner of this display. Selecting

network-averaged value of 6.012. This display this icon with the mouse produces the display of

nodule also provides the capability for the analy st indix idual station and netw ork-a, eraged MLg k al-

to interactively eliminate questionable data points ues shown in Figure 19. It can be seen from this

and then to recalculate the network axerage using figure that the estimated network-aeraged MLg

theADD/DELETE and

RECALO menu but-

tons shown at the top of Figure 18. add/delete residualrecalalsave i

the figure. This pro- SLaion mb Values

cess can be continued Comparison of 6 60 mb 6.O12F 0 190
until a final stable mb individual 640

station and
estimate is obtained, at network- 620 -- •.

which time it is written averaged 11b 6,00

to the database using magnitudest •,
deternzined for-the designated SAVE terrnt 5 86 ,C the c utrrent 5 60

menu button. event. 5 --

Note from Fig- 3 - z . o _

ure 18 that at this point U U

the system has notified
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on this display and re-

- 1 residual menu :" turning to the SPOT
Figure 19. add e e WMQ e it image testsite informa-ICR

-Conmparison Mb( izU des tion interface to over-ofin ivdu l 6.1or ARU M' 0s
of individual IKIV = lay the quantity mb -
station- and 6.05- 1IA MLg(NORS) at the cur-
network-averaged 6,0 M____ )__* • rent event location as in

MLg magni- 5,95 - Figure 20, where con-
tudes- deter- tours of this quantity de-

zined for rived from results of
the ctrrent 58y previous explosionsevent.o.

S0 =ohave also been overlaid

for reference purposes.

It can be seen from this

value of 5.969 is somewhat lower than the corre- display that while this magnitude difference is

sponding mb value of 6.012 of Figure 18, and it typically negative in the northeast quadrant of the

would be natural for the analyst to question whether test site (by as much as 0.15 magnitude units), it is

there is any significance to this difference. This generally positive in the vicinity of the currentJVE

issue can be addressed by selecting a representa- event location, with an aN erage value close to the

tivestation(e.g.,NORS)fromtheRESIDUALmenu observed value of 0.043. Thus, this capability

Figure 20. eLocations O R runtions q

Comparison of
the observed
value of mb -
MLg(NORSAR) I ___

for the current
event with
contours rep re-
senting ob-
served variation
of that paran-
eter for previ-
OuS events.
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permits the analyst to quickly conclude that the characteristics of the long-period instruments used

current result is entirely consistent with preNious to record these data xary significantly between

experience in this area of the test site. stations. Thus, for example, the station MAJO

The long-period surface wave data can be trace show n at the bottom of this figure was re-

accessed in the same manner as the Lg and P phase corded through a relati% el) broadband s, stem,

data described above, resulting in analyst station with the result that the long-period signals of

displays such as that shown in Figure 21 for the principal interest are obscured by higher frequency

vertical component Rayleigh NN axe phase. It can be arrivals. In order to pro, ide a common basis for

seen from this example that, although these traces comparison, the TOOLS menu includes a function

are aligned according to a common group x elocity (New Instrument) wxhich permits the analyst to

scale, the surface waxe signals are quite ,ariable transform the data to that wNhich would hae been

and difficult to correlate from trace to trace. This observed if the same instrumentation had been

is at least partially due to the fact that the response employed at each station. This feature is graphi-

Figure 21. Analyst station display of selected long-period Rayleigh wave
signals for the current event.

ommands

I* q
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cally illustrated in Figure 22 where the analy st has obtain a surface v\ axe measure of seismic magni-

selected the nominal SRO long-period response tude. While this computationally intensixe pro-
and converted all of the traces in this display to that cess is running in the background, the analy st next
response by simply designating them with the selects Spectral P from this same menu and

mouse. It is ex ident from this example that such a proceeds A ith an interactiv e determination of the
capability greatly facilitates quantitati, e compari- net\, ork-ax eraged P \, ae spectrum correspond-

sons and evaluation of data. ing to the current event. The spectrum estimated in

Once the available long-period Rayleigh this process can be inverted to obtain either an
and Love vvae data have been previewed, the equi, alent spectral magnitude or a direct, model-
analyst can return to the Magnitude Measure- based yield estimate (Murphy, 1989), and Figure
ment menu of Figure 12 and select Moment 23 showk s the menu structure for the latter option,

Tensor, thereby initiating a process by %& hich the \,,here it is indicated that the Mueller/Murphy

observed long-period data are formally inv erted to granite (MNI/M Granite) source model has been

Figure 22. Example of the specification and subsequent application of the
instrument response normalization feature to the data of Figure
21.

Replaced instrument with SRO pcl20set Quality 'eW 'mn'
e 2ssnSp

Filter wwvssn lp
Pick Arrival sro sp
mb
Ms aeds sp
Informnation aeds lp
Clone
Expan
Compar
No Action
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selected for the current JVE event. The resulting

automatic fit to the attenuation-corrected, observed-Figure-23. Menu op~tions for- the

estimation of network- spectrum is shown in Figure 24 where it is indi-

averaged-P wave cated that a theoretical spectrum corresponding to
spectra. a yield (W) of 119 kt, a pP -P delay time (to) of 0.82

seconds and a pP/P amplitude ratio (A) of 0.17
" provides the best overall fit to the data. Alter-

nately, the analyst can elect to interactively change

these automatically determined model parameters

using the plus and minus buttons located in the box

in the upper right corner of this display, to explore

solutions corresponding to goodness of fit criteria
________________"__

-
___

'-
_ not incorporated in the automatic algorithm.

The icon appearing in the upper left corner

of Figure 24 indicates that the surface wave mo-

ment tensor inversion processing has now been

Figure 24. Comparison of normalized observed and best-fitting theoreti-
cal netvork-averaged P wave spectra for the current event.

M/M Granite Source
W= 118O(80.1 - 195.7) sigma =0.10 f'=0530

0 - Iormalized obsorved (t-, pP) .

PrQdicted (w) 0 .STAlVI

frequenc (Itz)o
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Figure 25. Comparison of the inferred slulfo *e wave moment tensor solution
for the current event with the co, rcsponcling path normalized,
observed Rayleigh (left) and Love (right) wave amplitude data.

contiu rea s ig spo ij
shaganjve

MI 135.50, Strike 319.6, F 0.13
Moment Tensor Inversion System

p

Raylei Love

completed, and selecting it with the mouse pro- interior to the cirlies are parallel to the associated

duces the graphical solution summary of Figure 25 strike of the tectonic Lompunent. The solution fur

where the model fits to the Rayleigh (left) and the current (JVE) e- ent is differentiated here by an

Lox e (right) xka e data corresponding to a tectonic alternate color scheme in ,xhich )ellOw and light

releaseFfactorof0.13aredisplayed. It is informa- blue circles replace red and blue. respectixely. It

tixve to examine this solution in the context of other Lan be seen from this display that the solution for

a% ailable information regarding the test en% iron- the current exent is quite onsistent wxith those

ment. This can be acLoomplished by returning onLe pre iousl) determined for nearby historical ex ents.

again to the SPOT image test site information Moreo,,er, it is e ident that the inferred strikes of

interface and successixely oerla) ing the current the tectonic releases triggered by these explosions

and historical moment tensoi solutions, as %kell as are parallel o subparallel to that of the mapped

the map of surface geologic features, as shox n in Chinrau fault. Thus. by using the test site informa-

Figure 26. In this displa), the Lu Lcntric Lircles tion interface, the anal)st is able to quickly verify

represent the moment tensor solutions , here. fo that the surfaLe %ktaC moment tensor solution

the historical eents, the ratio of the diameters of ,hiLh xas obtained foi the Lurlent eent is consis-

the red-to-blue circles is equal to the inferred tent w, ith both the solutions from pre\ ious ncarby

tectonic release F factors and the line segments explosion. and k% ith the regional teLtoniL enN iron-
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Figure 26. Comparison of the sumface wave moment tensor solution for the
current event (yelloiw and light blue concentic circles) with those
for nearby Shagani River explosions (red and dark blue concentric
circles) and with the swface geologic map of the area.

SPOT Panchromatic image, Shagan (USGS compressed).

Ka y ing determine thMErossimc 1c nwihetmts f dfrataNigsto

=lluvium
m~c Water

f esozoicI Seismic line
Granite

ment in which the test was conducted. as tihe olution of a nonlinear programming prob-

Ha~ing determined the N arious eismic lernin " hich etimates of ield for atraining et of

measures of source size (including a regional Pn explosions are minimized and maximized oxer the

magnitude not discussed aboxe), the analyst can space of admissible parameters (Rodi, 1989, Rodi

proceed to estimate the corresponding explosion and Murphy, 1990). Input to thi s mudel consists of

yield and the associated uncertainty in th .t esti- multiple network-aeraged magnitudes foi the

mate by selecting the Yield Estimation feature current event and a nominal mb/Yield relation

from the FUNCTION menu of Figure 2. This ,ield based on some combination of data analysis and

estimation module proxides an estimate of unified expertopinion, khih foi explosionsat the Shagan

yield based on multiple magnitude measures and Riker test site is taken to be (Murphy. 1990).

associated "extremal confidence limits" corre-
sponding to different sets of constraints specified mb= 4.45 + 0.75 log W

by the analyst. The confidence limits are obtained
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The current module can prox ide estimates adequate training set of preN ious x alues does not
corresponding to fixe different sets of constraints, currently e, ist for that magnitude measure. It can

parameterized by the uncertainty in the txerage be seen that for these two cases, the unified yield

x alue of mb at 100 kt (mb(100)). the uncertainty in estimate is about 121 kt and the uncertainty bounds

the slope (b) of the mb/y ield relation and the upper range from a factor of 1.96 for the case (Model 1)

bound on the absolute Nalue of the correlation in which mb(100) is specified as 5.95 ± 0.05, to a
coefficients amongst the yield estimation errors factor of 1.66 for the case (Model 3) in which

for the indi,,idual magnitudes (max P). The menu mb(l00) is gixen as exactly 5.95. In Figure 28, the

for the ) ield estimation module is snow n in Figure Model I solution from Figure 27 (top) is compared
27 together wxith sample output corresponding to A ith the result of rerunning Model I without the

the application of Models i and 3 to the magnitude surface xaxe moment tensor magnitude (i.e., by
data foi the current JVE ex ent. In these displays, using the slider bars at the bottom of the menu box

the resulting unified yield estimates (W) and asso- to assign a weight of zero to W(Mo)). Itcan be seen

ciated upper bound uncertainty factos (F) are that this modification results in a significant reduc-

shown, together v, ith the yield estimates obtained tion of the F factor from 1.96 to 1.55, reflecting the

from the indiN idual magnitude xalues. Note that relatix el) uncertain )ield estimation capability of

the Pn yield x alue is show n here as an open circle the surface %& ax e moment as determined from the
to denote the fact that it wk as not used in the formal anal) sis of the training set of multiple magnitude

computation of W and F due to the fact that an data.

Figure 27.

Me/nut antd Unified Yield - Model 1 5

sample output __ ,._____i_____Mode ,,0)-i ... ma
for the unified __. . 0.~-*--------- 1 5.90-6.00 0.70-0.80 05yield estima- _______-____,____-_________-___ ,

tion module. ______---_____ -___-- __F 13 5.95 0.70-0.80 0.50_j

mb :L~i h'; ;r,&¢f) rmPn

Unified-:ield M:oriel 3
g =28
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:Figure 28. _______

Unified Yield lilodel 1
Comparison -of E
unified yield esti- -_... .._,.
nates(W) and - 1 .90-6.00 0.70;-0.80 05

associated tucer- . 0 l5 0
-tainties (F) ob- 5 . 8 0.5
tained with (top) mb nLq ?i mb(f) 59 0

and without (bot- S'.e-tont) the stuface E D. .--- - -o - - --~! . . .
Unified Yield - Model I

wave moment W = 111,9
F - .55

-tensor magnitude.

mb rnLq M- rb(f) rmPn

Gixen an optimum seismic estimate of estimate is consistent wkith the 150 kt threshold of
unified yield and the associated uncertaint), the the Threshold Test Ban Treat) (TTBT) by select-
analyst can next proceed to assess Ahether this ing the Statistical Summary option fiom the

FUNCTION menu. This module provides

access to a variety of statistical compliance
Figure 29. Statistical assessment assessment tests developed by Mission Re-

IJeCt. search Corporation (Gray et al. 1990), as

HE "indicated by the menu displayed in Figure

29. In this example, the analyst has re-
quested a summary of the results of three

single event compliance tests, producing the
graphical summary shown in Figure 30, where

If M-1 a M WMll -A, rthe red areas under the distribution curves
S y- Single EventTest 1.2.3Summary proide a measure of the probability of a

violation of the 150 kt threshold. The formal

statistical results are summarized in the boxes

in the upper left hand corners of these fig-

_ ures, and it can be seen that the results ofeach

of these three tests indicate that the seismic

data are consistent with a yield of less than
150 kt at a specified false alarm rate of less
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Figre-30. qSingle Event Hypothesis Test 3

Fiue3 ~0.4 -FalseAai pt isvJ 116 ~

-Comparisoniofitheresultsof 0.3

three differenttestsofseismic 0.2
compliance ofthe-current event 0.1

with the 150ktthreshold-of the 0.0 IoU 10, 10: 101TTBT. "Meld (LT)
Single Event Hypothesis Test 2

0.4 - . .10. rT

0.3-

0.2-

0.1 -

0.0
100 10 10, 101

'field (K'r')
Single hmeent Hypothsis Test

0.5 Yield SdOT > hdi . wauh tet LT

thle aRter tabl at 1 NTS

0.4 4
0.3
0.2

0.1
0.0 ,

100 10, 102 101
"field JILT)

than 2.5 percent. The resolving powerofsuch tests initial neg tiation of the TTBT.
can be illustrated b considering the outcome Ha in- completed the formal anal) i, the

hich nould hae resulted if these ame seismic Spreadsheetoption from the FUNCTION menu
data had been observed from a test below

the water table at NTS. In this case, the

Shagan mb/yield relation would be re- Figure-31. -Compliance test resut (Test 1)

placed by (Murphy, 1981): for the cenario inwhich the current event
wata were obseeedf6ok an eiwlosion below
the water table at NTS.

mb = 3.94 + 0.81 log W

tettsmgle Eventd biyfpthhess Test I
05 -I*QI - Kr ]ilq

resultin in the revised Test I outcome h
a- 3 F-16O

under this hypothesis, the yield estimate 03 4

would be 363 kt and it would be concluded '
that this explosion violated the 150 kt limit z.

of the TTBT. Thus. this simple example, ,

graphically illustrates the importance of

the test site magnitude bias effect which : '

has received such intense study since the
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can be used to pro% ide a less formal en% ironment the last column, together v ith the a, erage offset

for evaluating the seismic yield estimate for the (ANg Bias) and uncertaint (F) inferred from these

current eN ent in the context of the results obtained limited calibration data. For the nominal magni-

from anal3 ses of preN ious explosions at that test tude/) ield relations listed at the top of this display,

site, as well as any available independent yield the axerage offset is a factor of 1.07 %%ith an

calibration data, as illustrated in Figure 32. In this associated F factor of 1.25. Figure 33 show.s the

displa), the four indi% idual seismic y ield estimates result of interacti% ely adjusting eat.h magnitude/

and cor.,ponding unified yields are listed for yield relation in such a manner that the indix idual

forty of the largest Shagan River explosions, to- a% erage uffsets are minimized. It can o! seen that
gether with selected calibration )ields these modifications eliminate the aerage bias in

(W(Bocharov)), taken here for the purposes of the unified seismic 3 ield estimate (i.e., AN 2 Bias =

illustration to be the three high yield %alues pub- 1.00) and reduces the F factor to 1.20. This

lished by Bocharox etal. (1988). The ratios of the example illustrates hox the spreadsheet module

unified seismic to calibration yields are listed in proxides a capability for the analyst to rapidly

Figure 32. Spreadsheet summai" comparison of seismic yield estimates
for the current event (09/14/88) with those obtained for se-
lected previous Shagan River explosions.

lb Hlg no Nspec
Slope 0.75 0.75 1.00 0.75
Intercept 4.45 4.45 5.00 4.45
Velght 0.25 4.25 0.25 0.25

Event UHb) UMIS) UHo) U(KSpec) U(UnIFC) UlBocharov) WU/Me
1/15/65 88.44 94.91 91.62

11/30/69 131.83 133.05 118.03 127.45 125.00 1.02
11/02/72 190.55 167." 255.86 201.37 165.00 1.22
12/10/72 135.94 156.07 125.12 138.46 140.00 0.99
7/23/73 215.44 212.16 240 .62 222.39
12/14/73 85.77 77.27 69.40 77.19
6/11/78 85.77 54.12 128.82 75.39 81.94
8/29/78 100.00 119.86 81.28 100.93 99.58
9/15/78 88.44 87.90 112.20 93.47 95.02
11/29/78 120.23 106.01 120.23 106.01 112.89
6/23/79 184.78 138.46 177.83 184.78 170.28
7/07/79 91.20 105.68 75.86 97.27 91.83
8/04/79 140.17 158.98 186.21 183.09 166.02
8/18/79 153.70 104.71 148.59 133.73

10/28/79 116.59 137.62 194.98 114.11 137.46
12/02/79 100.00 90.09 138.04 106.01 107.15
12/23/79 160.53 79.43 163.93 129.95
9/14/80 251.19 213.00 213.47 225.48
9/13/81 127.84 165 .A 101.97 156.72
10/18/81 106.33 111.00 144.54 119.49
12/27/81 173.78 144.99 154.88 157.44
4/25/82 113.07 148.14 144.54 134.28

12/05/82 153.70 112.37 154.88 138.82
6/12/83 113.07 145.88 199.53 148.75
10/06/83 94.04 77.51 186.21 110.72
10/26/83 144.54 116.23 213.00 153.15
7/14/84 131.83 138.04 190.55 151.36

10/27/84 202.61 149.97 173.78 174.14
12/16/84 158.49 134.28 229.09 169.SG
12/28/04 94.04 110.32 79.43 93.76
9/14/88 131.83 106.01 123.08 119.12 119.83

AvO 31ss 1.07
1.2S
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Figure 33. Spreadsheer runmar; illustraiing the results of interactirely
mod,-Ifyhg the designed mnagnitiidelvietl relations.

MaSnitude I FIg no Ipec
Slope 0.75 0.75 1.00 0.75

4.47 4.47 S.00 4.48
ielght 0.25 0.25 0.25 0.25

Event UCO IMilg) UHo) V(?CPeC) (IUnir) U(Sodwro,') WmuIec
1/15/65 83.18 86.56 84.05

11/30/69 123;97 125.12 107.65 118.64 12S.00 0.95
11/02/72 179.20 157.52 233.35 187.45 165.00 1.14
12/10/72 127.84 146.78 114.11 128.89 140.00 0.92

7/23/73 202.61 1-9.53 219.45 207.01
12/14/73 80.66 72.67 63.29 71.S5

6/11/78 80.66 50.89 128.82 68.76 77.63
8129/78 S4.04 112.72 81.28 92.04 94.37
9/15/78 83.18 82.67 112.20 8b.24 90.05

11/29/78 113.07 99.69 120.23 56.68 106.99
6/23/79 173.76 130.22 177.83 168.53 161.37
7/07/79 85.77 99.39 75.86 88.72 87.03
8/04/79 131.83 149.51 186.21 166.98 157.34
8/18/79 144.54 104.71 135.52 127.06

10/28/79 109.65 129.42 194.93 104.07 130.27
12/02/79 94.04 84.72 138.04 96.68 101.55
12/23/79 158.49 79.43 149.51 123.47
9/14/80 236.23 213.80 194.69 214.23
9/13/81 120.23 155.60 181.97 150.43

10/18/81 100.00 104.39 144.54 114.70
12/27/81 163.43 135.35 154.83 151.12
4/25/82 106.33 139.32 144.S4 123.89

12/05/82 144.54 10.68 154.83 133.25
6/12/83 166.33 137.19 199.53 142.78

10/06/83 8.44 72.89 186.21 106.23
10/26/83 135.94 109.31 213.80 147.01
7/14/84 123.97 129.82 190.55 14S.29

10/27/84 190.55 141.04 173.78 167.15
12/16/84 149.85 126.28 229.09 162.76
12/2184 88.44 103.72 79.43 90.00
9/14/89 123.97 99.69 123.83 108.64 113.S7

06- Bias 1.00
F : 1.20

explore the effect., of alternate h% potheses on the plays. there are. in addition. many other features

seismic yield estimation proLL..s which %%ere not exercised here in order to hold the

The sample analysis session de.scribed description to a manageable length. Ito%,cer. the

above h,, provided an overviem of some of the oinpICte system is ,urrcntily operational at the

capabilities which are currently available within DARPA CSS where it can be exercised over its

the Yield Estimation System. As w%-as ev ident from entire ranie of functionalit%.

the menu structures shown in the graphicai dis-
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4 Summary and Future Plans

tion, reproductions of the actual workstation screens4.1 Summary encountered by an analyst in such a session were

used as a framework for describing the simple

menu structure on which the graphical user inter-
In this report we have presented a brief face has been developed. Among other features,

summary of the current status of the ongoing this demonstration illustrated the manner in which
research in, estigations directed tow ard the de ci- ax ailable test site information is presented to the

opment of a comprehensive new seismic yield analyst in the context of a SPOT satellite image of
estimation system for underground nuclear explo- the test site, in a format w hich permits the analy st

sions. More specifically, a preliminary prototy pe to interact digitally x ith the image in a vorkstation
version of this system, which is currently opera- enx ironment to create overlays to and cross-sec-
tional at the DARPA CSS, has been described in tions through the image to display e ent locations,
detail and its functionality has been graphically topography, surface and subsurface geologic data
illustrated through a sample application to the and a xvariety of geophy sical parameters of poten-
seismic data recorded from a selected explosion. tial interest in yield estimation analysis. In addi-

The software system design criteria were tion, this sample session was used to illustrate the
reviewed in Section 2, where the characteristics of capabilities provided by the system which permit
the data, analysis tools, database relations and the analyst to interact with the recorded seismic
graphical user interface were described in the data to process it and extract the , arious magnitude
context of their integration into a comprehensixe measures of interest, to formally combine these

system for seismic yield estimation and compli- seismic measures of source size to obtain an opti-
ance assessment. This discussion included an mum measure of explosion yield and quantitatix e
overview of the conceptual model for the system measures of the associated uncertainty and to sta-
and provided a description of how the prototype tistically assess the consistency of this seismic
version has been implemented in a Sun color yield estimate w ith any existing treat) thresholds

workstation en vironment using software built upon or other yield levels of particular interest.

the framework of the X Window graphics and

Oracle database management systems. 4.2 Future Plans
This was followed in Section 3 by a dem-

onstration of system capabilities in which a com-

plete processing session was graphically illus-
trated using data recorded from the Soviet JVE Now that a preliminary working prototype
explosion of 14 Septerober 1988. In this presenta- has been successfully implemented, the research
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effort is beginning to focus on the extension of the N alidate and process the regional seismic data

system to encompass data from a wider range of recorded at the Designated Seismic Stations (DSS)

explosion test sites and stations and on the devel- provided for in the 1990 Protocol to the TTBT.

opment of a semi-automated documentation mod-

ule. More specifically, the following system modi- * The statistical yield estimation and assess-

fications are planned for the next phase of system ment modules in the current version of the YES

development: will be modified to incorporate any supplemental

information resulting from CORRTEX yield esti-

• The system will be extended to incorporate mation activity or on-site inspections of the type

explosions at the Soviet Novaya Zemlya test site. provided for in the 1990 Protocol to the TTBT.

This addition will include a comprehensive seis-

mic database consisting of all available digital * A semi-automatic event report generation

seismic data recorded from these explosions at module will be added to the YES which will

stations of the USAEDS, GDSN, NORSAR, CDSN provide comprehensive graphical and text docu-

and IRIS networks, as well as a test site informa- mentation of the yield estimation analyses con-

tion interface based on a SPOT satellite image of ducted for any selected explosion.

Novaya Zemlya.

* A new module will be added to the YES

which will be designed to permit the analyst to
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